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Abstract 
The aim of this work is to improve the quality of 
castings by minimizing defects and scrap through the 
analysis of the data generated by High Pressure Die 
Casting (HPDC) Machines using computational 
intelligence techniques. Casting is a complex process· 
that is affected by the interdependence of die casting 
process parameters on each other such that changes in 
one parameter results in changes in other parameters. 
Computational intelligence teclmiques have the 
potential to model accurately this complex relationship. 
The project has the potential to generate optimal 
configurations for HPDC Machines and explain the 
relationships between die casting process parameters. 
Introduction 
High Pressure Die Casting Machines (HPDC) are 
complex industrial systems. In a typical die casting 
machine the molten metal is poured into the shot sleeve 
using a ladle. After this piston movement forces the 
metal into the die cavity [1]. The piston movement is 
usually in two, three or even four stages [10]. Typically 
it starts with an initial velocity, then the velocity 
increases during the piston's motion at a change over 
position and the velocity is slowed down at the end 
when nearly all the liquid metal is injected into the die. 
The metal is injected through a gate and rumler system 
at a high velocity and pressure. The die is then opened 
and the solidified part is extracted by a robotic arm. The 
die is lubricated with typically a liquid lubricant 
although there are some powder lubricants available as 
well. The role of a lubricant is to ease the extraction of 
casting and to avoid soldering of the metal with the die 
surface. 
The extracted casting is then cooled down with water 
and is placed on a conveyer belt for a fuliher treatment, 
or otherwise stored on a rack for later quality control 
tests. The die casting process is a complex process 
consisting of over one hundred and fifty process 
parameters [2]. The complexity of the process results in 
many problems such as blistering and porosity. 
Computational intelligence techniques that include 
artificial neural networks, genetic algorithms, simulated 
annealing and fuzzy logic have shown promise in many 
areas including industrial engineering where the use of 
neural networks [3], [4], [5], genetic algorithms [Jain 
and Meeran, 1998] and fuzzy logic [6] are quite 
prominent. 
Artificial Neural Networks (ANNs) were selected for 
tlus work as the first aim of the current research is a 
predictive model of the casting defects in terms of 
process parameters. The second aim of the present work 
is to extract the knowledge acquired by the ANN about 
the HPDC process itself [7], [8]. 
The aim of a HPDC machine is to produce castings 
efficiently, at a low cost and hopefully of very high 
quality. Currently in Australia two of these 
aforementioned goals have been achieved, while the 
quality as compared to some overseas die casters could 
be improved, which in tum affects production costs. 
CAST's aim is to improve the quality of castings to give 
Australia a leading edge in the global die casting 
industry. 
To reduce defects in die casting, first there is a need to 
model casting defects accurately. The aim is to model 
casting defects using an ANN and then extract the 
knowledge that the network has learnt in the form of 
rules. The network modelling part of the project has 
been completed successfully and the results are 
presented in the following sections. 
Artificial Neural Networks 
Computationally, ANNs in their most common fDlm of 
a multilayer perceptron (MLP), are distributed parallel 
processing systems capable of a fault tolerant and 
efficient leaming. They are also robust to noise and 
disturbances. They are connectionist structures 
composed of nodes called neurons and arcs connecting 
the neurons with weights associated to the arcs. Weights 
are adaptable and they are the main learning parameters 
of the network. The network leams typically by using 
the backpropagation leaming algorithnl [11] which 
updates the weights. The network has generally three 
types of layers called input, output and hidden layers. 
The information is presented in a pre-processed or raw 
fomlat into the input layer of the network and the 
predictions are obtained at the output layer of the 
network. Mathematically, a MLP can be seen as either: 
i=17 
j=1II 
Y; = <p(I>iWu) , 
i=i 
j=i 
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where, 
1 
<P is a sigmoid function like f(x) = , 
1 + exp( - x) 
Y j is the jth neuron in the CWTent layer, 
Xi is the feed-in from the previous layer, and 
Ware the weights connecting the two layers, q 
or it can also be represented in the matrix form as: 
Yn 
lV
mn xn 
The MLP adjusts the weight matrix during the learning 
and is able to generalize for the data that it hasn't seen 
during the learning. Please note that the sigmoid 
function <P is applied to each individual element of the 
matrix after multiplication. 
The MLP that has been used to model die casting 
machine behaviour and to predict porosity defects is 
shown in Fig. 1. 
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Figure 7: The neural network used in this research to 
p;edict porosity at different physical locations in a 
die casting. 
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Figure 8. The target and the actual outputs of the neun 
network model. 
An ANN model has the following process parameter 
1st stage velocity, 2nd stage velocity, changeov 
position, intensification of tip pressure, cavity pres sur 
squeeze tip pressure, squeeze cavity pressure and tl 
biscuit thickness, as its inputs. While X-Ray quali 
grades at four different locations were used as outpu 
representing porosity defects. An occurrence of X-R~ 
grade 4 on any of the four locations of the die castir 
resulted in the product being rejected. The pos 
processing converts the continuous outputs of a netwOJ 
to discrete quality grades. Figure 2 shows the outputs ( 
a model before the application of post-processing. TI 
post-processing uses a ceiling and a floor functi( 
\}l(i;), where the ceiling function gives a higher discre 
limit for conversion, while a floor function gives 
lower discrete limit. These are defined as: 
4 
<D(<P( I WI} Xi )) = i;, 
i.pl 
\}l(i;) = { 4, I 3.5 < i; < 4.0}, 
\}l(i;) = { 3, I 3.0 < i; < 3.4}, 
\}l(i;) = { 2, I 2.0 < i; < 2.5}, 
\}l(i;) = { 1, I 1.0 < i; < 1.5}, 
where <D represents the output function of the network 
four output neurons under consideration, 
<P is the activation of the individual neuron, 
X, is the input given to the next neuron through weigl 
w,/ ' 
W is the weight of the arc connecting 4 neurons of our 
1) 
hidden and output layers, 
~ is the output of the neuron or simply it's the result of 
function <P, which is continuous and has to be 
discretised, and 
\f' (~) is our ceiling function. 
The obtained network model is able to predict a rejected 
product (Grade 4 at any location), porosity defects 
(Grade 2 and 3) or a good quality (Grade 1) of casting 
with a 99.89 percent accuracy. 
Conclusion 
The high confidence of predictive accuracy of [mal 
product show that the ANN based approach has a 
potential to be exploited in automated quality control 
and autonomous control of an HPDC to produce a 
consistent quality of castings using a feedback control 
with an ANN trained on the particular defect data in the 
loop and extraction of typical models from the ANN. 
We plan to take this work in the direction of defect 
modeling with the model extracted from a trained ANN. 
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